ABSTRACT An experiment was conducted to determine the minimum levels of nonphytate P (NPP) with and without phytase that can be continuously and safely used during the growing and laying periods for diminishing P excretion to the environment. The experiment consisted of a 2 × 8 factorial arrangement of the treatments with two strains (Babcock B-300 and Hy-Line W-98) and eight diets. The birds of the control group (T 1 ) were fed a determined NPP regimen of 0.34-0.30-0.23% for the periods of 0 to 6 wk (0.34%), 6 to 12 wk (0.30%), and 12 to 18 wk (0.23%) of age and 0.39% determined NPP during the laying period (18 to 26 wk of age). The dietary NPP regimens during the growing and laying periods for T 2 to T 5 were as follows: T 2 , 0.25-0.20-0.16 and 0.29%; T 3 , 0.15-0.10-0.08 and 0.18%; T 4 , 0.12-0.07-0.08 and 0.12%; and T 5 , 0.08-0.07-0.08, and 0.08%. The birds of T 6 to T 8 were fed diets similar to T 3 to T 5 plus 300 U phytase/kg of diet. The growth parameters and egg production performance of birds of T 2 , which were fed the NPP regimen of 0.25-0.20-0.16% during the growing period and 0.29%
INTRODUCTION
The nonphytate P (NPP) requirement of White Leghorn growing pullets according to NRC (1994) is 0.40, 0.35, and 0.30% for the age periods of 0 to 6, 6 to 12, and 12 to 18 wk, respectively. This recommendation is based on three early publications (Gillis et al., 1949; Carew and Foss, 1980; Douglas and Harms, 1986) . Gillis et al. (1949) concluded that growing chicks need at least 0.40% NPP for normal growth and bone calcification during the first 4 wk posthatch. Carew and Foss (1980) reported that the NPP requirement of growing pullets is 0.25% from 2 to 20 wk of age, and 0.30% for 0 to 20 wk of age. Douglas To whom correspondence should be addressed: kk33@cornell.edu.
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NPP during the laying period, and those of T 6 , which were fed a NPP regimen of 0.15-0.10-0.08% plus phytase during the growing period and 0.18% NPP plus phytase during the laying period were similar to the control group. However, their total P intakes were 16.1 and 44% lower, respectively, and their NPP intakes were 29.7 and 64.1% lower, respectively, than the control group during the entire growing period. During the digestion trial (wk 16), daily total P excretion of these two groups (T 2 and T 6 ) were 21.2 and 43.1%, respectively, lower than the control groups. The birds fed T 3 , T 4 , and T 5 regimens had consistently inferior performance than the controls both during the growing and laying periods. Phytase completely alleviated the adverse effect of the low-NPP levels fed to T 3 during the growing and laying periods and partially alleviated the adverse effects of low-NPP regimens fed to birds of T 4 and T 5 during the growing and laying periods. Additional experiments involving longer laying cycles are warranted prior to making practical recommendations.
and Harms (1986) reported that the NPP requirement of growing pullets for the period of 8 to 18 wk of age is 0.25 to 0.26%. Berg et al. (1964) concluded that the NPP requirement of White Leghorn pullets from 8 to 21 wk of age is not more than 0.10%, when Ca:total P ratio is kept within the range of 1:1 to 2:1, and all of this P can be supplied by P of plant origin. Based on the above information, it appears that the NRC (1994) recommendation for NPP requirement of growing pullets might have been overestimated.
In recent years, little consideration has been given to reevaluating the NPP requirement of the current strains of White Leghorn pullets that reach sexual maturity at younger ages than their counterparts from a decade ago. Due to public concern surrounding the contribution of P from animal excreta to environmental pollution, we have been interested in reevaluating the NPP requirements of Abbreviation Key: NPP = nonphytate phosphorus; T = treatment. the current strains of White Leghorn pullets fed diets with and without phytase during the growing period. The results of a previous experiment (Keshavarz, 2000a) indicated that pullets fed a sequence of 0.30-0.25-0.20% or 0.20-0.15-0.10% NPP for the age periods of 0 to 6, 6 to 12, and 12 to 18 wk, respectively, had comparable performance during the growing period to the control group that was fed a NPP regimen of 0.40-0.35-0.30%, which is similar to the NRC (1994) recommendation. The results of two digestion trials that were conducted during wk 5 and 18 indicated that pullets on the two lower NPP regimens had daily total P excretions that were 33 and 42% lower than the control group during the first digestion trial (wk 5) and 14 and 25% lower than the control group during the second digestion trial (wk 18). During the laying period (18 to 30 wk of age), birds of all the growing regimens were fed one layer diet with an adequate NPP content (0.42%). Egg production remained similar, regardless of the NPP used during the growing period. The above information was consistent with reports in the literature and indicated that the potential exists for reducing the NPP requirement during the growing period of pullets. Such an approach, if successful, not only would reduce feed costs but also excreta P. However, prior to making any recommendations for practical application, it is necessary to ensure that the results obtained in a previous experiment (Keshavarz, 2000a) for the strain used in that study (Babcock B-300) and another strain (Hy-Line W-98) are reproducible. Furthermore, in the previous experiment (Keshavarz, 2000a) , the potential of phytase for reducing NPP requirement of growing pullets could not be determined as the NPP regimens employed were not sufficiently low in P to demonstrate a deficiency.
Another point worth receiving consideration is that during recent years, numerous reports have been published regarding the NPP requirement of laying hens with and without phytase Roland, 1997, 1998; Van der Klis et al., 1997; Carlos and Edwards, 1998; Boling et al., 2000a,b; Keshavarz, 2000b; Jalal and Scheideler, 2001) . The results, of these experiments generally indicated that, in the absence of phytase a diet with 0.15-0.20% NPP (Keshavarz, 1986; Van der Klis et al., 1996; Boling et al., 2000a,b; Snow et al., 2000) in the presence of 100 to 300 U phytase/kg of diet, a diet with 0.10% NPP (Van der Klis, et al., 1996; Roland 1997, 1998; Boling et al., 2000a,b; Keshavarz, 2000b; Jalal and Scheideler, 2001 ) was sufficient to support egg production for long periods. However, in none of these reports were efforts made to determine the effect of continuous feeding of low-NPP diets with and without phytase during both the growing and laying periods. With publicity surrounding the contribution of P from animal excreta to environmental pollution, the industry is anxious in using low-NPP, phytase-supplemented diets during both the growing and laying periods. However, there is considerable concern among the industry that the use of low-NPP diets, even with phytase, for an extensive period (during both the growing and laying periods) may deplete the body P reserve and cause a deleterious effect on performance, particularly during the later stages of the egg production cycle. The only recent information related to the effect of continuous feeding of low-NPP diets with and without phytase during the growing and laying periods are the investigations by Roland (1999, 2000) . They studied the effect of four NPP levels of 0.10, 0.20, 0.30, and 0.40% with and without 300 U phytase/ kg of diet during the growing (1 d old to 18 wk of age) and laying periods (21 to 48 wk of age). Hy-Line W-36 pullets were used in their experiment. The laying period of the experiment consisted of phase 1 from 21 to 36 wk of age and phase 2 from 37 to 48 wk of age. The NPP level of 0.10% was not adequate to support performance during the growing and laying periods. However, supplemental phytase appeared to improve the performance of pullets fed 0.10% NPP during the growing period and completely alleviated the adverse effect of 0.10% NPP on performance during the laying period. A NPP level of 0.20% without phytase was sufficient to support BW and feed consumption during the growing period and egg production during Phase 1 of the laying cycle (21 to 36 wk of age). However, this NPP level was not sufficient to maintain bone quality during the growing period and egg production during phase 2 (37 to 48 wk of age) of the laying cycle. The adverse effect of 0.20% NPP level on bone quality during the growing period and egg production during phase 2 of the laying cycle were completely alleviated by phytase. Continuously feeding NPP levels of 0.30 and 0.40% were sufficient to support performance during the growing and laying periods, and phytase did not have an additional effect on performance of birds fed these NPP levels. The results reported by Roland (1999, 2000) suggest that the NPP requirement during the laying period may depend on the P status of the bird during the growing period. A NPP level of 0.20%, which was sufficient to support BW and feed intake during the growing period and egg production performance during phase 1 of the laying period, was not sufficient to support egg production during phase 2 of the laying cycle. This could have been due to depletion of body (bones and probably soft tissues) P reserves due to insufficient use of dietary NPP level during the growing period, which in turn showed its adverse effect on egg production during the later stages of the laying cycle. The results of the experiments by Roland (1999, 2000) are consistent with the concerns that, although a NPP level may be adequate for growth and feed consumption during the growing period and maintaining a satisfactory performance during the early parts of the laying cycle, it may not be adequate to support the performance during the later stages of the egg production cycle.
Previous experiments in our laboratory were confined either to determining the NPP requirement of growing pullets with and without phytase when birds were fed an adequate level of P during the laying period (Keshavarz, 2000a) or to determining the NPP requirement of the laying hens with and without phytase when they were fed an adequate level of P during the growing period (Keshavarz, 2000b) . Each nonphytate P (NPP) sequence was used for the period of 0 to 6, 6 to 12, and 12 to 18 wk of age during the growing period and for 18 to 26 wk of age during the laying period. Two strains (Babcock B-300 and HyLine W-98) were used in the experiment. Each dietary treatment was fed to six replicates of 20 birds per strain during the growing period and six replicates of 15 birds per strain during the laying period. The determined NPP contents of the diets were obtained by subtracting the determined total P from the determined phytate P of the diets (see Table 2 for detail).
The experiment reported here was conducted with four objectives: 1) to determine whether the results obtained in a previous experiment (Keshavarz, 2000a) related to NPP requirements of growing pullets and for the same strain used in that study (Babcock B-300) is reproducible, 2) whether strain differences exist with regard to NPP requirements during the growing period, 3) to re-examine the potential of phytase in reducing NPP requirements of growing pullets by using NPP regimens lower than the levels used in a previous experiment (Keshavarz, 2000a) , and 4) to determine the minimum level of NPP that, with and without phytase, can be used continuously and safely during the growing and laying periods.
MATERIALS AND METHODS
Day-old pullets consisting of 960 Babcock B-300 and 960 Hy-Line W-98 females were used in the experiment. Chicks were housed at 1 d of age in groups of 20 per cage (61 cm wide × 51 cm deep) in the top tier of a twotier growing cage system in a windowless, mechanically ventilated house. Every cage was considered an experimental replicate, and each dietary treatment was fed to six replicates (120 pullets/treatment). At 6 wk of age, the group size was halved by moving 10 birds from the top to the bottom tier of each cage. The growing period was divided into three phases; phase 1 (1 d old to 6 wk of age), phase 2 (6 to 12 wk of age), and phase 3 (12 to 18 wk of age). The experiment consisted of a 2 × 8 factorial arrangement of the treatments with the two strains and eight experimental diets. The eight experimental diets are shown in Table 1 , and the determined P contents of the experimental diets are shown in Table 2 . The birds of the control group (T 1 ) were fed a determined sequence of 0.34, 0.30, and 0.23% NPP for the ages of 1 d old to 6 wk, 6 to 12 wk, and 12 to 18 wk, respectively ( Table 2 ). The determined NPP levels for phases 1 to 3, respectively, in 3 Natuphos 600, BASF Corp., Mt. Olive, NJ.
T 2 were 0.25-0.20-0.16%, in T 3 were 0.15-0.10-0.08%, in T 4 were 0.12-0.07-0.08%, and in T 5 were 0.08-0.07-0.08%. The birds of T 6 to T 8 were fed diets with NPP levels similar to those used for T 3 to T 5 , respectively, plus 300 U phytase/kg of diet.
The corn-soy diets used in each phase were isocaloric and isonitrogenous and, with the exception of NPP level and the presence or absence of phytase, contained all nutrients adequate to satisfy or exceed NRC (1994) recommendations (Table 3 ). The NPP content of the diets in each phase was adjusted by changing the level of monodicalcium phosphate, limestone, and builder sand. Natuphos 600 3 was used as the source of phytase. Prior to each mix, a new shipment of Natuphos 600 with determined phytase activity was received from the manufacturer, and based on the determined level of phytase in the premix, an appropriate quantity of premix was used to provide 300 U phytase/kg of diet. After each mix, a representative feed sample from each diet was analyzed by the manufacturer of Natuphos to confirm the phytase level in the finished feeds (Table 2) .
Body weights were obtained at 6, 12, and 18 wk of age. Feed consumption records were kept separately for each phase. At 6 and 18 wk of age and after weighing the birds, blood samples were taken from the brachial vein of one bird per replicate that had a BW close to the average BW of that replicate for measurement of plasma P. Thereafter, the same birds used for blood sampling were killed by CO 2 asphyxiation, and the left tibia was removed and saved for measurement of ash. A digestion trial was conducted during wk 16 of the growing period to determine the effect of dietary treatment on total P excretion. Excreta were collected quantitatively for 7 d and only from the 10 pullets of the top tier cage of each replicate. Feed consumption was recorded separately during the digestion trial. Due to numerous groups (2 strains × 8 treatments × 6 replicates = 96 groups), treatments containing the NPP regimen of 0.12-0.07-0.08% with and without phytase (T 4 and T 7 , Table 1 ) were not included in the digestion trial. As T 3 + Phytase 3 As T 3 + Phytase As T 3 + Phytase 4
As T 3 + Phytase T 7
As T 4 + Phytase As T 4 + Phytase As T 4 + Phytase As T 4 + Phytase T 8 As T 5 + Phytase As T 5 + Phytase As T 5 + Phytase As T 5 + Phytase Calculated Determined Calculated Determined total P total P total P total P (%) As T 3 + Phytase As T 3 + Phytase As T 3 + Phytase As T 3 + Phytase T 7
As T 4 + Phytase As T 4 + Phytase As T 4 + Phytase As T 4 + Phytase T 8
As T 5 + Phytase As T 5 + Phytase As T 5 + Phytase As T 5 + Phytase 1 Each nonphytate P regimen was used during 0 to 6, 6 to 12, and 12 to 18 wk of age.
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Each nonphytate P level was used during 18 to 26 wk of age.
3 Natuphos 600 (BASF Corp., Mt. Olive, NJ) was used as the source of microbial phytase in the diet. Based on the activity of phytase in Natuphos premixes, adequate level of Natuphos premix was used to provide 300 U phytase per kg diets in T 6 , T 7 , and T 8 during the growing and laying periods. The average determined phytase levels for the entire growing period in T 6 , T 7 , and T 8 were 270, 224, and 240 U/kg diet, respectively.
4
The average determined phytase levels for the entire laying period in T 6 , T 7 , and T 8 were 283, 275, and 260, respectively.
At 18 wk of age, 15 pullets from each replicate were randomly selected and housed in groups of five birds per cage (38.1 cm wide × 50.8 cm deep) in three adjacent deepdesigned cages in a high-rise, environmentally controlled, windowless laying house. During the laying period (18 to 26 wk of age), the birds of T 1 were fed a diet with 0.39% determined NPP and served as the control group. The birds of T 2 to T 5 were fed diets with determined NPP levels of 0.29, 0.18, 0.12, and 0.08%, respectively ( Table  2 ). The T 6 to T 8 birds were fed similar layer diets to those fed to T 3 to T 5 , respectively, plus 300 U phytase/kg of diet. The composition of the T 1 layer diet is shown in Table 3 .
Daily egg production and weekly feed consumption were recorded during the laying period (18 to 26 wk of age) and were summarized on a 4-wk basis. Egg weight and specific gravity were obtained for all eggs produced during the last 3 d of each 4-wk period. Body weights were obtained at the end of the experiment (26 wk of age). Mortality was recorded during the growing and laying periods. Pullets were exposed to 23 h light and 1 h dark during the first 48 h of the growing period. Thereafter, the light hours were kept constant at 9 h per day to 18 wk of age. During the laying period, light was kept at 16 h per day. Feed and water were provided ad libitum throughout.
Salt solutions varying in specific gravity from 1.058 to 1.110, in increments of 0.004 U were used for measurement of specific gravity. Tibia ash was determined on a moisture-free, fat-free basis after cleaning the tibia from the adhering tissues and then ashing at 600°C overnight. Plasma inorganic P was determined after deproteinizing the plasma with a solution of 10% trichloroacetic acid, using an ultraviolet-visible spectrophotometer according to the method of Harris and Popat (1954) . Total P of feed and fecal samples were determined according to the method of Harris and Popat (1954) . Phytate P of diets was determined according to the Association of Official Analytical Chemists (1990) .
Data were analyzed by a two-way analysis of variance (SAS Institute, 1988) , and means were compared by Duncan's (1955) multiple-range test when a significant probability value (P < 0.05) was detected, except where mentioned otherwise.
RESULTS AND DISCUSSION
The determined total P and NPP contents of the diets used during the growing and laying periods were considerably lower than the calculated values (Table 2 ). There were no strain × diet interactions during the growing period, and only a couple of strain × diet interactions were noted during the laying period. This information indicated that both strains responded in a similar pattern to the dietary treatments under the conditions of the cur- Composition of T 1 of starter diet used during 0 to 6 wk. Other starter diets were formulated by properly reducing the dietary level of monodicalcium phosphate and increasing limestone and bringing up the weight of the diet to 100 by adding sand to the diet. Also, depending on the type of diet, Natuphos was or was not included in the diet.
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Composition of T 1 of the grower diet used during 6 to 12 wk. Other grower diets were formulated by appropriately reducing the dietary level of monodicalcium phosphate and increasing limestone and bringing up the weight of the diet to 100 by adding sand to the diet. Also, depending on the type of diet, Natuphos was or was not included in the diet. Composition of T 1 of the developer diet used during 12 to 18 wk. Other developer diets were formulated by appropriately reducing the dietary level of monodicalcium phosphate and increasing limestone and bringing up the weight of the diet to 100 by adding sand to the diet. Also, depending on the type of diet, Natuphos was or was not included in the diet. 4 Composition of T 1 of the layer diet used during 18 to 26 wk. Other layer diets were formulated by appropriately reducing the dietary level of monodicalcium phosphate and increasing limestone and bringing up the weight of the diet to 100 by adding sand to the diet. Also, depending on the type of the diet, Natuphos was or was not included in the diet. 
Growing Period
Reduction of dietary NPP levels from 0.34-0.30-0.23% to 0.25-0.20-0.16% did not have an adverse effect on BW at 6 and 18 wk of age or BW gain for the entire growing period (0 to 18 wk of age, Table 4 ). However, BW at 12 wk of age was significantly lower for birds fed the lower NPP regimen than the control group. Reducing the NPP to that of the three lower regimens (0.15-0.10-0.08, 0.12-0.07-0.08, and 0.08-0.07-0.08) resulted in a consistent reduction in BW during various stages of growth and for the entire growing period. Phytase had beneficial effects on BW of birds fed the three lower NPP regimens throughout the growing period. At 6 wk of age, although the BW of birds fed the lowest NPP regimen with phytase was significantly greater than its nonphytase-supplemented counterpart, it remained significantly lower than for the control group. Similarly, at 12 wk of age, although phytase significantly improved the BW of pullets fed the three lowest NPP regimens when compared to their nonphytase-supplemented counterparts, these improvements were not large enough to restore the BW of these groups to that of the control group. However, BW of birds fed the three lower NPP regimens with phytase at 18 wk of age and the BW gain of these groups for the entire growing period (0 to 18 wk) were similar to those of the control group. The BW data indicated that in the absence of phytase, a NPP regimen of 0.25-0.20-0.16%, and in the presence of phytase, the three lowest NPP regimens of Means in each column and under each main effect with different superscripts are significantly different (P < 0.05).
1
Nonphytate P (NPP) regimens were used for the periods of 0 to 6, 6 to 12, and 12 to 18 wk of age.
2 Natuphos 600 (BASF Corp., Mt. Olive, NJ) was used as the source of microbial phytase to provide 300 U phytase/kg of diet.
0.15-0.10-0.08, 0.12-0.07-0.08, and 0.08-0.07-0.08%, respectively, were sufficient to support the BW at 18 wk of age and the BW gain for the entire growing period (1 d old to 18 wk of age). Hy-Line chickens were significantly heavier than Babcock chickens at each weighing age and had significantly greater BW gain for the entire growing period (1 d old to 18 wk of age, Table 4 ).
Feed consumption of birds fed a NPP regimen of 0.25-0.20-0.16% was not significantly different from the control group during 6 to 12 wk, 12 to 18 wk, and for the entire growing period (0 to 18 wk, Table 5 ). However, during 0 to 6 wk of age, birds fed the NPP regimen of 0.25-0.20-0.16% had significantly lower feed consumption than the control group. Further reduction of NPP to a regimen of 0.15-0.10-0.08% or lower resulted in a consistent decrease of feed consumption during each growing phase and for the entire growing period. Phytase alleviated the adverse effect of a NPP regimen of 0.15-0.10-0.08% on feed consumption during various growth periods. However, phytase had variable effects in alleviating the adverse effect of the two lower NPP regimens on feed consumption during various stages of growth. Although the adverse effect of the two lower NPP regimens on feed consumption were alleviated by feeding phytase diets during 0 to 6 wk and 12 to 18 wk of age, phytase was only effective in alleviating the adverse effect of the lowest level of NPP level on feed consumption from 6 to 12 wk of age. For the entire growth period (0 to 18 wk of age), although feed consumption of birds fed the two lower NPP levels were significantly greater with phytase than their counterparts without phytase, feed consumption of these groups still remained significantly lower than that of the control group. Hy-Line chickens consumed significantly more feed than Babcock chickens during each phase and for the entire growing period (0 to 18 wk of age).
Feed conversion of pullets fed a NPP regimen of 0.25-0.20-0.16% was not significantly different from the control group during various stages of the growing period (Table  6 ). However, with the exception of the 12-to 18-wk period, feed conversion was consistently impaired due to further reducing of NPP regimens. Phytase, for the most part, had a favorable effect on feed conversion of birds fed the three lower NPP regimens. Birds fed a NPP regimen of 0.15-0.10-0.08% plus phytase had similar feed conversion to the control group during various stages of the growing period. Additionally, in the presence of phytase, feed conversion of birds fed the two lowest NPP regimens were similar to the control group for the entire growing period (day-old to 18 wk). Feed conversion was inferior for Babcock than Hy-Line pullets during all stages of the growing period, except from 12 to 18 wk of age. Mortality during the growing period was relatively low and was not influenced by the diet or strain.
Plasma P levels of birds fed a NPP regimen of 0.25-0.20-0.16% were similar to the control group at 6 and 18 wk of age (Table 7) . However, further reducing the NPP regimens significantly reduced the plasma P level at 6 and 18 wk of age as compared to the control group. The only exception was plasma P of birds fed a NPP regimen of 0.08-0.07-0.08%, which was not different than the control group at 6 wk of age. Phytase increased the plasma P level of birds fed a NPP regimen of 0.15-0.10-0.08 or 0.12-0.07-0.08% to the control group at 6 wk of age. However, the plasma P level of birds fed the lowest NPP regimen with phytase still remained significantly lower than that for the control group at 6 wk of age. Further- Means in each column and under each main effect with different superscripts are significantly different (P < 0.05).
2 Natuphos 600 (BASF Corp., Mt. Olive, NJ) was used as the source of microbial phytase to provide 300 U phytase/kg of diet. more, although phytase was effective in increasing the plasma P level of birds fed the three lower NPP regimens at 18 wk of age, as compared to nonphytase-supplemented counterparts, plasma P level of these three groups still remained lower than the control group at this age. Plasma P levels of Babcock chickens were significantly higher than those for Hy-Line chickens at 6 and 18 wk of age. Average body weight of all groups was about 37 g at 1 d of age.
2
3 Natuphos 600 (BASF Corp., Mt. Olive, NJ) was used as the source of microbial phytase to provide 300 U phytase/kg of diet.
Tibia ash at 6 and 18 wk of age was not different between birds fed a NPP regimen of 0.25-0.20-0.16% and the control group (Table 7) . However, tibia ash of birds fed the three lower NPP regimens was lower than the controls at 6 and 18 wk of age. The only exception was tibia ash of birds fed a NPP regimen of 0.15-0.10-0.08%, which was not different than the controls at 6 wk of age. Additionally, tibia ash of birds fed a NPP of 0.12-0.07- Nonphytate P (NPP) used during 0 to 6, 6 to 12, and 12 to 18 wk of age.
0.08% at 18 wk of age was not different than the controls. Phytase restored the tibia ash of birds fed the three lower NPP regimens to levels comparable to the control group at 6 and 18 wk of age. It is worth noting that the tibia ash of birds fed a NPP regimen of 0.15-0.10-0.08% plus phytase at 18 wk was greater than that for the control group. Although tibia ash at 6 wk of age was not different between the two strains, at 18 wk of age tibia ash of the Hy-Line pullets was greater than that for Babcock pullets.
The effects of dietary treatments on total P retention and total P excretion during the week of the digestion trial (wk 16) are shown in Table 8 . Percentage total P retention steadily increased with reducing the dietary NPP regimens, and, as a result, percentage total P excretion steadily decreased (Table 8) . These results are consistent with those previously reported (Keshavarz, 2000a) , indicating that the efficiency of P retention increases with reductions in its dietary concentration. Percentage total P retention was greater, and, as the result of this, percentage total P excretion was lower for birds fed the two lower NPP regimens with or without phytase than for the control group. Absolute daily total P retention (mg/hen per d) was not different among the birds fed a NPP regimen of 0.25-0.20-0.16% and the control group. However, further reductions of dietary NPP reduced the daily absolute total P retention as compared to the control group. These lower values were the consequence of the lower dietary NPP content of the birds fed the former NPP regimen. Absolute total P retentions were not significantly greater for NPP regimens of 0.15-0.10-0.08% and 0.08-0.07-0.08% in the presence than in the absence of phytase in the diet. The absolute total P excretion (mg/hen per d) was reduced with decreasing the NPP regimens in the presence or absence of phytase in the diet. The performance of birds fed a NPP regimen of 0.25-0.20-0.16% without phytase or the three lower NPP regimens with phytase during the growing period were similar to the controls (Tables 4, 6 , 7); however, their absolute daily total P excretion during the week of the digestion trial was 21.2 and 41.5-43.1% lower, respectively, than that of the controls (Table 8 ). This information indicated that the potential exists to reduce the dietary NPP levels with and without phytase during the growing period and without compromising performance to reduce considerably the daily total P excretion. Strain differences existed with regard to P retention and excretion. Percentage total P retention was higher, and, as a result, percentage total P excretion was lower for Babcock than Hy-Line chickens. Additionally, absolute daily total P retention was higher for Babcock than Hy-Line chickens, but absolute daily total P excretion was only slightly lower for Babcock than Hy-Line (P > 0.05).
Total P and the determined NPP intake of birds fed different NPP regimens with and without phytase for the entire growing period (1 d old to 18 wk of age) are shown in Table 9 . As is expected, due to reducing the dietary level of P, total and NPP intake were reduced in the lower dietary NPP regimens. Total P and NPP intakes of the three lower NPP regimens with phytase were greater than their nonphytase-supplemented counterparts due to the effect of phytase in increasing feed consumption (Table  5) . Total and NPP intake of birds fed a NPP regimen of 0.25-0.20-0.16% were about 16 and 30%, respectively, lower than that of the control group for the entire growing period (1 d old to 18 wk), whereas their performance during the growing period was similar to the control Means in each column and under each main effect with different superscripts are significantly different (P < 0.05).
1
Nonphytate P (NPP) used during 0 to 6, 6 to 12, and 12 to 18 wk of age.
group. Furthermore, birds fed the three lower NPP regimens with phytase had total P and NPP intakes that were 34 to 38% and 64 to 72%, respectively, lower than the corresponding values for the control group during the entire growing period. Their performance, however, remained similar to the controls. Hy-Line chickens consumed more total and NPP throughout the growing period than Babcock chickens, which was a reflection of the Nonphytate P (NPP) used during 0 to 6, 6 to 12, and 12 to 18 wk of age.
great feed consumption of the former than the latter strain.
Laying Period
Body weight at 26 wk of age, egg production, egg weight, feed intake, egg mass, feed conversion, specific gravity, and mortality of birds fed a NPP regimen of 0.25-0.20-0.16% during the growing period and 0.29% NPP level during the laying period did not differ from the control group (Tables 10 and 11 ). Further reduction of NPP during the growing and laying periods resulted in a consistent reduction of the previously mentioned traits during the laying period. The only exception was specific gravity of eggs, which was not affected. Mortality was drastically increased in groups fed the three lower NPP regimens during the growing and laying periods (Table  11 ). The mortality of these groups, however, was low and not different from the control group to the end of the growing period (18 wk of age, Table 6 ). Phytase alleviated the adverse effects of a NPP regimen of 0.15-0.10-0.08% used during the growing period and 0.18% NPP level used during the laying period on various production traits (P > 0.05, Tables 10 and 11). Additionally, phytase was effective to alleviate adverse effects of the two lower NPP regimens used during the laying periods on 26-wk BW, egg weight, feed conversion, and mortality and increased specific gravity when compared to the control group. Although phytase was effective in increasing egg production and egg mass of birds fed the two lower NPP regimens and the lower feed consumption of birds fed the lowest NPP regimen as compared to their nonphytasesupplemented counterparts, these traits still remained inferior to those of the control group. Egg production traits were inferior, but livability and specific gravity were superior for Babcock pullets compared to Hy-Line pullets (Tables 10 and 11 ).
General
The current experiment was conducted with four objectives. The first objective was to determine the repeatability of the results from a previous experiment with regard to NPP requirements during the growing period. In the previous experiment (Keshavarz, 2000a) , NPP regimens of 0.30-0.25-0.20% or 0.20-0.15-0.10%, which were fed for periods of 0 to 6, 6 to 12, and 12 to18 wk of age, resulted in a performance similar to the control group that was fed a NPP regimen of 0.40-0.35-0.30%. Babcock B-300 was the strain used in that experiment. Consistent with the results of the previous experiment, use of a NPP regimen of 0.25-0.20-0.16% resulted in similar performance during the growing period to the control group that was fed a NPP regimen of 0.34-0.30-0.23%. In contrast, to the previous experiment reduction of the NPP regimen to 0.15-0.10-0.08% impaired most performance traits during the growing period, most probably due to the lower determined NPP of this regimen. Apparently, this NPP regimen was too low to result in a similar performance as the control group during the growing period. Further reductions of NPP regimen to 0.12-0.07-0.08% and 0.08-0.07-0.08% further impaired the performance. Consequently, under the conditions of the current experiment, only a NPP regimen of 0.25-0.20-0.16% was adequate to result in comparable performance to the control group during the growing period.
The second objective of the experiment was to determine whether strain differences existed with regard to the NPP requirements during the growing period. The absence of any significant interaction between strain × diet for traits measured during this period indicated that both strains responded in a similar manner to dietary treatments. Regardless of dietary treatment, BW, feed consumption, feed conversion, and bone ash at 18 wk of age were greater for Hy-Line than Babcock pullets.
The third objective of the experiment was to determine whether the adverse effect of the low-NPP regimens used during the growing period on performance could be alleviated by phytase. In a previous experiment (Keshavarz, 2000a) , the NPP regimens used were not low enough to show the signs of P deficiency, and consequently the opportunity did not exist for phytase to show a potential for reducing the NPP requirement during the growing period. In the current experiment, the adverse effects of the 0.15-0.10-0.08% NPP level on all traits measured during the growing period with the exception of plasma P at 18 wk of age were alleviated by phytase. Additionally, with the exceptions of feed consumption for the entire growing period (1 d old to 18 wk of age) and plasma P level, phytase alleviated the adverse effect of the two lowest NPP regimens on 18 wk BW, BW gain, and feed conversion for the entire growing period and on bone ash at 6 and 18 wk of age. These results indicated that NPP levels of 0.15-0.10-0.08% in the presence of phytase was sufficient to support the growth traits (with the exception of plasma P at 18 wk of age) at a level similar to the control group. Consequently, the potential of phytase in reducing the NPP requirement of growing pullets was justified by the current data.
The fourth objective was to determine the minimum NPP regimen that continuously and safely with and without phytase can be used during the growing and laying periods (1 d old to 26 wk of age) for diminishing P excretion to the environment. The only two regimens that under the conditions of the current experiment resulted in performance similar to the control group were a growing NPP regimen of 0.25-0.20-0.16% together with a layer NPP level of 0.29% without phytase and a growing NPP regimen of 0.15-0.10-0.08% together with a layer NPP level of 0.18% with phytase. The use of these two NPP regimens resulted in reducing total P excretion by 21.2 and 43.1%, respectively, during the week of the digestion trial (wk 16) as compared to the control group without compromising the performance (Table 8) . Additionally, the determined total P intake during the entire growing period (1 d old to 18 wk) for these groups were 16.1 and 44%, respectively, lower than the control group, and the determined NPP intake for these groups were 29.7 and 64.1%, respectively, lower than the controls. Mortality drastically increased for the birds fed the three lowest NPP regimens without phytase during a short laying period of 18 to 26 wk. Apparently insufficient P reserve in the bones, blood, and probably soft tissues at the end of the growing period combined with feeding low-P diets during the laying period exposed the birds of these Growing diets were used from 0 to 6, 6 to 12, and 12 to 18 wk of age.
3
Laying diets were used from 18 to 26 wk of age.
4
Natuphos 600 (BASF Corp., Mt. Olive, NJ) was used as the source of microbial phytase to provide 300 U phytase/kg of diet. Means in each column and under each main effect with different superscripts are significantly different (P < 0.05).
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Growing diets were used from 0 to 6, 6 to 12, and 12 to 18 wk of age.
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groups to an immense P deficiency during a period when demands for P for egg production, egg weight, and BW gain are greatly increased. This in turn resulted in high mortality. This information also suggests that P requirements during the laying period are dependent on the P status of the growing pullets. Although relatively a low-P level may be adequate during the laying period when pullets are raised on diets with adequate P levels during the growing period, the same low-P diet during the laying period may be inadequate when pullets are raised on diets with inadequate P content. Although Boling et al. (2000a,b) and Snow et al. (2000) reported that a diet with 0.15-0.16% NPP was sufficient for laying hens in experiments of long durations, the pullets used in their experiments were raised on a diet with adequate growing NPP level of 0.45% (C. M. Parsons, 2001, University of Illinois, personal communication). We also previously reported that a diet with 0.2% NPP was sufficient to support egg production performance in a long-term experiment when the pullets were raised on an adequate NPP level of 0.42% (Keshavarz, 1986 ). In the current study, a layer diet with determined NPP content of 0.18%, which was higher than the values reported by Boling et al. (2000a,b) and Snow et al. (2000) to be adequate for laying hens, resulted in high mortality and poor performance early in the laying cycle. The impact of P status of growing pullets on P requirement during the laying period is an area that warrants further investigation.
There is one final point worthy of consideration from the current experiment. That is, although egg production traits during the laying cycle (with the exception of mortality and shell quality) showed differences between the strains, a period of 8 wk of egg production is too short for logical conclusions about the performance of these two strains throughout an extended laying cycle or if recycled.
